Abstract. In their recent article Wang et al. [2016] analyzed observations from EISCAT 11 (European Incoherent Scatter Scientific Association) Russian X-mode heating experiments and 12 claimed to explain the potential mechanisms for parametric decay instability (PDI) and oscillating 13 two-stream instability (OTSI) and to understand the physical factors accounting for parametric 14 instability generated by an X-mode HF pump wave. Wang et al. [2016] claim that they cannot 15 separate the HF-enhanced plasma and ion lines (HFPLs and HFILs) excited by O-or X-mode in 16 the EISCAT UHF radar spectra due to an inability to distinguish the parametric instability 17 excited by O-/X-mode heating waves according to their different excitation heights. Their 18 reflection heights were determined from ionosonde records between the heater pulses which 19 provide a rough measure of excitation altitudes and cannot be used for the separation of the O-20 and X-mode effects. The serious limitation in their analysis and interpretation of the PDI/OTSI is 21 the use of a 30 s integration time of the UHF radar data. There are also serious disagreements 22 between their analysis and the real observational facts. The fact is that it is the radical difference 23 in the behavior of the X-and O-mode plasma and ion line spectra derived with 5 s resolution 24 which provides the correct separation of the X-and O-mode effects. Although Wang et al. 25 (2016) claim to derive the threshold of the parallel electric field for the PDI and OTSI, it would 26 only hold for the classic resonance PDI and OTSI excited as immediate response to the onset of 27 heating and is typical only for O-mode pumping at fH ≤ foF2. It is not discussed and explained 28 how the parallel component of the electric field under X-mode heating is generated. Apart from 29 the leakage to O-mode, results by Wang et al. [2016] do not explain the potential mechanisms for 30 PDI and OTSI and add nothing to understanding the physical factors accounting for parametric 31 instability generated by an X-mode HF pump wave. 32 33 34 35
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The growing body of X-mode experiments at the EISCAT (European Incoherent Scatter 38 Scientific Association) HF heating facility with the use of various multi-instrument diagnostics 39
showed that extraordinary (X-mode) powerful HF radio waves are capable of producing a strong 40 modification of the high latitudinal ionospheric F-region, including the generation of the 41 artificial field-aligned irregularities (FAIs) [Blagoveshchenskaya et al., 2011a; 2013] , optical 42 emissions at red (630 nm) and green (557.7 nm) lines [Blagoveshchenskaya et al., 2014] , 43 various spectral components in the narrowband SEE (stimulated electromagnetic emission) 44 spectra [Blagoveshchenskaya et al., 2015] . Considerable study has been given to the HF-45 enhanced ion and plasma lines (HFILs and HFPLs) from the EISCAT UHF radar spectra excited 46 under X-mode heating, which are the signatures of the ion acoustic and Langmuir electrostatic 47 the classic signature of the resonance parametric decay instability (PDI) [Perkins et al., 1974; 141 Fejer, 1979; Hagfors et al., 1983; DuBois et al., 1990; Stubbe et al., 1992; Gurevich et al., 2004 ; 142 Kuo, 2015] when the O-mode HF pump wave decays into the Langmuir and ion-acoustic waves 143 near the reflection height of O-mode wave. PDI develops from the "cold" start, acts over few 144 milliseconds of heating and can be recognized in the EISCAT UHF radar spectra in the first few 145 5s data dumps as HF-enhanced plasma and ion lines (initial overshoots) [Robinson, 1989] . 146
Thereafter Langmuir and ion-acoustic waves are normally quenched by fully generated artificial 147 small-scale field-aligned irregularities (FAIs) preventing further generation of the PDI [Stubbe, 148 1996 ]. However, under high effective radiated power, the reappearance of enhanced ion and 149 plasma lines can occur after overshoots [Dhillon and Robinson, 2005; Mishin et al., 2016] . Such 150 a situation was observed during the O-mode pump pulse at fH = 7.1 MHz when HF-enhanced 151 upshifted and downshifted ion lines reappeared (see Fig. 2a, top panel) . 152
Behaviour of the enhanced plasma and ion line backscatters for X-mode pulse at fH = 7.1 153 MHz differs radically from the O-mode one. As seen from The analogous behaviour of the HF-enhanced ion and plasma line power was observed 157
for O-and X-mode heating pulses at heater frequency of 5.423 MHz (see Figure 2b ). An 158 important point is that the heater frequency fH = 5.423 MHz is close the fourth electron gyro-159 harmonic frequency, in the vicinity of which FAIs are suppressed. This results in the HF-160 enhanced plasma and ion lines being quenched by FAIs to a smaller degree [Stubbe, 1996] . This 161 is clearly seen from the behaviour of HF-enhanced upshifted and downshifted ion lines (see Fig.  162 2b, top panel). As for X-mode pulse ( fig. 2b, bottom panel) , the enhanced plasma and ion lines 163 appeared with time delay of about 1 min after the heater is turned on (T0). Thereafter they 164 gradually increased reaching a maximum after 2 min from T0.
Let's further consider the plasma and ion line spectra for O-and X-mode heating which 166 were derived from raw EISCAT UHF radar data at five fixed altitudes with 5 s resolution. 167
Figures 3 and 4 show the downshifted plasma line spectra and ion line spectra at 5 altitudes for 168 different times after the heater onset taken on February 21, 2013 at heater frequency fH = 7.1 169
MHz for the same the O-and X-mode heating pulses as in Fig. 2a . Fig. 3a and b illustrate plasma 170 line spectra for O-and X-mode pulses respectively and Fig. 4a and b depict ion line spectra. 171
The intense downshifted plasma line spectrum appeared as immediate response to the O-172 mode pump onset and was seen in the first 5 s UHF radar data dump (13:01:05 UT). It possess 173 the sharp peak shifted by the ion-acoustic frequency ("mother" Langmuir wave) and three 174 intense downshifted cascade lines, so called "daughter" Langmuir waves. In the next two 5 s 175 dumps the O-mode plasma line spectra decayed and moved to a lower altitude. 176
An X-mode downshifted plasma line spectrum appeared within 15 s after the onset of HF 177 pumping at an altitude of 225 km, which is 3 km higher as compared with the initial appearance 178 of O-mode enhanced plasma lines. Then the intensity of plasma line spectra gradually increased 179 and reached the maximum at 12:47:40 UT (after 100 s of HF pumping). At 12:48:50 UT the 180 most intense plasma line spectrum moved to 228 km. Not too strong cascade lines in the X-mode 181 plasma line spectra can be also recognized. 182 O-mode ion line spectra (Fig. 4a) , similar to the downshifted plasma line spectra, initially 183 appeared at 13:01:05 UT in the first 5 s UHF radar data dump. They possess a strong peak at 184 zero frequency and two intense shoulders, upshifted and downshifted from zero frequency by the 185 ion-acoustic frequency. The presence of the peak at zero frequency in the UHF radar ion line 186 spectrum indicates the excitation of oscillating two-stream instability (OTSI) [Kuo et al., 1997] . The strength of the ion line spectra did not decay too much through the O-mode heating pulse. 217 This is explained by the proximity of the pump frequency to the fourth electron gyro-harmonic 218 frequency, where FAIs are suppressed and ion lines are quenched to a smaller degree. As for the 219 X-mode pulses, HF-enhanced ion and plasma lines developed after much longer delay time of 220 about 60 s. The X-mode plasma and ion line spectra exhibit a very strong zero component, 221 pointing to the OTSI excitation. 222
We have also considered the behavior and features of plasma and ion line spectra derived 223 from the EISCAT UHF "raw" data with 5 s temporal resolution on October 22, 2013 (case 1 224 from WANG2016). As example, Figure 7 presents the downshifted plasma line spectra (a) and 225 ion line spectra (b) at five altitudes for different times after the onset of pumping taken at heater 226 frequency fH = 7.1 MHz for the X-mode pulse from 16:01 -16:11 UT. As seen from Fig. 7 , the 227 plasma and ion line spectra clearly revealed features typical for X-, but not for O-mode pumping. 228
Their intensities gradually increased and reached a maximum at 16:01:50 UT within 50 s after 229 the heater on, while in the course of O-mode heating the strongly enhanced ion and plasma line 230 spectra appeared from the "cold" start in the first 5 s radar data dump. The specific feature in the 231 behavior of ion line spectra was the presence of two maxima at different altitudes in the 232 downshifted ion line intensities (see Fig. 7b ). The first maximum is located at 228 km and the 233 second one is at a height of 237 km. The same feature was often observed in a large body of X-234 mode experiments carried out at pump frequencies both below the critical frequency of the F2 235 layer, fH ≤ foF2 and above foF2, fH > foF2 [Blagoveshchenskaya et al., 2014; 2015] . 236
To summarize, the comparison between the X-and O-mode plasma and ion line spectra 237 derived with 5 s resolution clearly exhibits the radical differences that allows us to distinguish 238 correctly the HF-enhanced plasma and ion lines (HFPLs and HFILs) excited by the X-and O-239 mode HF pump waves. 240 Because of that they attributed the downshifted ion line at the O-mode reflection height to the 295 small leakage to the O-mode during X-mode heating. As shown in Section 2, in this case the O-296 mode typical features should be observed near the reflection altitude in the first 5 s radar data 297 dump (see Fig. 2a, 3a, and 4a) . The simultaneous appearance of two downshifted ion lines at 298 different altitudes is a typical feature in a large number of our EISCAT X-mode experiments 299 carried out both at pump frequencies fH < foF2 and fH > foF2 [Blagoveshchenskaya et al., 2014; 300 2015] . In the latter case even the small O-mode leakage is completely excluded. 301
However, the analysis of the 5 s UHF radar plasma and ion line spectra on October 22, 302 2013 clearly revealed features typical for X-mode pumping (see Fig. 7 
in Section 2). 303
It is important that the excitation of the PDI and /or OSTI requires a parallel electric field of the 304 HF pump wave near the reflection altitude. However, the electric field of an X-mode wave is 305 perpendicular to the magnetic field. We could suggest that some effective mechanism at the 306 reflection height of the X-mode wave is acting, providing the conversion of the transverse 307 electric field into the parallel one. For example, Fejer and Leer [1972] 
